Background To assess diagnostic efficacy of plasma total homocysteine (tHcy) and C-reactive protein (CRP) levels for ocular ischemic syndrome (OIS). Methods In all, 87 patients with retinal vein occlusion (RVO), 955 patients with a stenosis of internal carotid artery (ICA) o90% and 159 patients with a stenosis of ICA 490% were included between 2003 and 2009. A total of 43 patients with a stenosis ICA 490% were diagnosed as OIS. Fasting tHcy, CRP, lipid profiles, creatinine were measured, and diagnostic values of hyperhomocysteinemia or elevated CRP for OIS were evaluated. Result The mean plasma levels of tHcy (18.8 lmol/l) and CRP (1.1 mmol/l) were the highest in patients with OIS among the groups. The prevalences of hyperhomocysteinemia (72%) and elevated CRP (77%) were the highest in OIS among the groups. In patients with stenosis of ICA, the diagnostic sensitivity/specificity for OIS was 70/79% in hyperhomocysteinemia and 73/73% in elevated CRP. The diagnostic sensitivity and specificity for OIS were 53 and 86% in both hyperhomocysteinemia and elevated CRP. The lipid profiles and creatinine levels were similar among the groups. Conclusion Our results suggest that hyperhomocysteinemia and elevated CRP may be associated with the development of OIS. The measurements of tHcy and CRP in blood may help to assist the diagnosis of OIS in a stenosis of ICA.
Introduction
Severe stenosis of internal carotid artery (ICA) may cause ocular ischemic syndrome (OIS) because of the reduction in ipsilateral perfusion pressure of the eye. 1 Chronic progressive ocular ischemia may lead to permanent blindness secondary to neovascular glaucoma and optic atrophy.
1,2 OIS still poses difficulty in the diagnosis and has poor vision prognosis despite the various treatment modalities. [1] [2] [3] Elevated total homocysteine (tHcy) in blood have been considered a risk factor for future development of stroke in preexisting diseases of carotid artery. 4 A meta-analysis reported that retinal vascular occlusion including arterial and vein occlusion was associated with elevated plasma tHcy concentrations. 5 However, recent studies have suggested that the plasma tHcy level in retinal vein occlusion (RVO) was not a risk factor of RVO but was a marker of atherosclerosis. 6, 7 Inflammation is now widely accepted as central to every aspect of the atherosclerotic process, from its initiation to progression. C-reactive protein (CRP) is another biological predictor of atherosclerotic disease. 8 There have been little evidences to the relationships between plasma levels of tHcy or CRP and OIS.
To address this issue, a retrospective review of patients who were tested for plasma tHcy levels, CRP levels, lipid profiles, and other risk factors of atherosclerosis over 7 years were conducted in single tertiary referral hospital. Patients with RVO or stenosis of ICA were selected as controls to compare the plasma levels and the frequencies of hyperhomocyteinemia and elevated CRP with patients with OIS. The author assessed the diagnostic efficacy of hyperhomocyteinemia and elevated CRP for OIS.
Materials and methods
We screened the laboratory database of plasma tHcy, CRP, creatinine and lipid profiles at the Kangdong Sacred Heart Hospital of Hallym University Medical Center and the Chonnam National University Hospital over 7-yearperiod from January 2003 to December 2009. We identified 36 877 individuals who gave the blood sample at the same time and reviewed the diagnosis in the medical records. We selected 27 568 patients with the diagnosis of cardiovascular disease, cerebrovascular disease, peripheral vascular disease, and retinal vascular disease. Measuring plasma tHcy and CRP are not commonly indicated in normal patient screening, we selected patients with RVO as controls. Inclusion criteria were a recent onset, no history of cerebrovascular events, cardiovascular events, and no evidence of systemic inflammation. Because cerebral vascular imaging procedures were not indicated in RVO patients without neurological symptoms, all patients with RVO did not receive cerebrovascular imaging procedures. We selected 87 patients who were diagnosed with RVO (36 with central RVO and 51 with branch RVO). Among 27 568 patients, we screened patients who had the cerebral vascular imaging of ICA including four vessels cerebral angiography, neck CT angiography, or MR angiography. A total of 1178 patients with neurological symptoms received non-invasive CT or MR angiography. In all, 64 of 1178 patients (5.4%) had no stenosis of ICA in CT or MR angiography. Because four-vessel cerebral angiography is an invasive procedure, it is usually indicated in patients who had a stenosis in CT or MR angiography. Four-vessel cerebral angiography shows a stenosis of ICA in all patients. A total of 1114 patients had a stenosis of ICA in four-vessel cerebral angiography. In all, 159 (14.2%) of 1114 patients had severe stenosis of ICA that was defined as obstruction of arterial lumen Z90%, and the 955 patients had a stenosis of o90% and obstruction of arterial lumen Z30%. Routine ocular evaluations were not indicated in 1071 patients without ocular symptoms who had received four-vessels cerebral angiography. In all, 43 (3.9%) of 1114 patients were diagnosed as OIS by single ophthalmologist (JKA). Selection of patients was illustrated in Figure 1 .
Diagnostic criteria of OIS were as follows: symptomatic onset including visual loss, visual field defect, amaurosis fugax, and/or ocular pain; ophthalmological examinations including new vessels at iris, retina or optic disc, narrowing of retinal arteries, dilatation of retinal veins, and/or retinal hemorrhages; fluorescein angiography examinations including delayed patchy choroidal filling and increased retinal arteriovenous transit time; the presence of ICA stenosis of 490% using four vessels cerebral angiography.
Fasting (48 h) venous blood samples were drawn from participants into vacuum tubes containing EDTA. Plasma was separated immediately from blood cells by centrifugation at 3000 g at 251C for 10 min and stored at À201C until analysis. Total plasma homocysteine was measured by an ELISA kit (Bio-Rad Laboratories. Inc., Hercules, CA, USA). Hyperhomocysteinemia was defined as plasma concentrations 414.0 mmol/l. CRP levels were measured by a highly sensitive nephelometric assay using a monoclonal antibody to high sensitivity CRP coated on polystyrene beads (Dade Behring, Marburg, Germany). 9 The elevation of high sensitivity CRP has been considered emerging risk factor for cardiovascular events. 10 Elevated CRP was defined as plasma concentrations 40.5 mmol/l. Creatinine levels and lipid profiles (plasma total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides) were also measured. Institutional Review Board/Ethics Committee approval was obtained from the Chonnam National University Clinical Research Institute. The study protocol was in accordance with the provisions of the Declaration of Helsinki.
Statistical analyses were performed with SPSS for Windows version 15.0 software (SPSS, Chicago, IL, USA). ANOVA test was used to compare the mean plasma levels of tHcy, CRP, creatinine, and cholesterols among the groups. w 2 was used to compare prevalences of hyperhomocysteinemia, hyperlipidemia, and elevated CRP among the groups. Cross tabulation analysis was used to measure diagnostic sensitivity, specificity, positive predictive value and negative predictive value of hyperhomocysteinemia, and elevated CRP in patients with stenosis of ICA. A P-value of o0.05 was considered to have statistical significance. 
Results
Demographic features of patients included in this study are summarized in Table 1 . The demographic characteristics of OIS were similar to those of severe stenosis of ICA. Male preponderance and old age were noted in severe stenosis of ICA and OIS. The prevalences of hypertension and diabetes were significantly higher in severe stenosis of ICA and OIS compared with RVO (Po0.001).
The mean plasma levels of tHcy were significantly the highest in patients with OIS (18.8 ± 7.9 mmol/l, ANOVA, Po0.001) among the groups. The prevalence of hyperhomocysteinemia (tHcy414.0 mmol/l) was 72% in OIS ( Figure 2 ). This value was significantly the highest among the groups. The mean CRP levels were the highest in the OIS group (1.07 ± 1.4 mmol/l, ANOVA, Po0.001). The prevalence of elevated CRP levels (40.5 mmol/l) was 77% in the OIS group (Figure 3 ). This value was the highest among the groups. The plasma levels of total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, and creatinine were similar among the groups.
The sensitivity and specificity of hyperhomocysteinemia and elevated CRP levels for diagnosing OIS in patients with stenosis of ICA were summarized in Table 2 . The diagnostic sensitivity and specificity were 70 and 79% in hyperhomocysteinemia and 73 and 73% in elevated CRP levels. The diagnostic sensitivity and specificity were 53 and 86% in both hyperhomocysteinemia and elevated CRP levels. Positive predictive value was 56% in hyperhomocysteinemia, 50% in elevated CRP, and 58% in hyperhomocysteinemia and elevated CRP. The negative predictive value was 80% in hyperhomocysteinemia, 73% in increased CRP, and 83% in hyperhomocysteinemia and elevated CRP.
Discussion
In this study, plasma levels of tHcy and CRP are associated with the development of OIS in patients with stenosis of ICA. The mean plasma concentrations of tHcy and CRP are the highest in patients with OIS. In addition, the prevalences of hyperhomocysteinemia and elevated CRP are also the highest in the OIS group. This is the first evidence to document that plasma tHcy and CRP levels can be used as a serologic marker of OIS. If one detects a stenosis of ICA, the measurements of plasma tHcy and CRP are helpful to assist the diagnosis of OIS. Recent meta-analyses reported that there has been a significant association between the plasma tHcy levels and the risk of vascular diseases in patients with preexisting vascular diseases. 11, 12 A prospective study demonstrated that plasma tHcy levels were strong predictors of ischemic stroke among patients with chronic ischemic heart disease. 13 In this study, plasma tHcy levels were associated with the development of OIS in patients with preexisting stenosis of ICA. A metaanalysis reported that retinal vascular occlusion including RVO and arterial occlusion was associated with elevated plasma tHcy levels. 5 Recent studies reported that the plasma tHcy level in RVO was not a risk factor of RVO but is a marker of atherosclerosis.
6,7 A recent study suggests that Hcy levels could be associated with the development of retinal arteriosclerosis. 14 In this study, the plasma levels of tHcy and the prevalence of hyperhomocysteinemia were much higher in OIS than those in RVO. These results further support the idea that retinal arteriosclerosis may be associated with the plasma levels of tHcy, rather than retinal venous occlusive disease.
CRP has received substantial attention as a promising biological predictor of atherosclerotic disease. 8, 12 A population-based study reported that CRP was correlated with the caliber of retinal vessel. 15 There have been evidences that CRP may have a direct role in the pathogenesis of atherosclerosis from initiation to progression. 16 In this study, CRP was associated with the development of OIS in patients with a stenosis of ICA.
In this study, the prevalences of hypertension and diabetes were much higher in the OIS group than those in the RVO. Even though other atherosclerotic risk factors are similarly present, all patients with severe stenosis of ICA do not have OIS, suggesting that another factor must have a role. In this study, homocysteine and/or CRP probably have a role in the development of OIS in patients with a stenosis of ICA. The measurements of plasma tHcy or CRP have the moderate sensitivity and specificity (70-80%) in diagnosing OIS in patients with a stenosis of ICA. Both measurements have the highest specificity (86%) in diagnosing OIS in patients with a stenosis of ICA. Plasma levels of tHcy and CRP may be considered the promising predictors of OIS.
One may argue that there may be a potential bias in selection of controls. Because the patients with RVO did not have cerebral vascular imaging procedures, it is possible to include a patient with ICA stenosis. However, cerebral vascular imaging procedures are not indicated in patients without neurological symptoms. We selected RVO patients as controls for several reasons. First of all, it is well known that measuring plasma tHcy and CRP are not commonly indicated in normal patient screening and their normal ranges are generally known. Furthermore, RVO is an acute veno-occlusive disease, whereas OIS is a chronic artherosclerotic disease. And RVO is a localized vascular disease, whereas OIS is a systemic vascular disease. The patients with ICA stenosis did not have ocular evaluations. Because of the intrinsic deficit of a retrospective nature in this study, it is possible to underestimate or overestimate the diagnostic efficacy of blood tests of tHcy and CRP. It is unclear why OIS develops in a portion of patients with severe stenosis of ICA. Various factors may be related to the development of OIS in patients with severe stenosis, for example, patency of collateral circulations. Our hypothesis is that developments of OIS may be associated with inflammatory exacerbations in the preexisting severe artherosclerotic status because we often observed inflammatory natures in the eye in patients with OIS.
In conclusion, homocysteine and CRP are associated with the development of OIS. They maybe considered predictors of OIS in patients with a stenosis of internal carotid artery. The measurements of plasma tHcy and CRP in blood may help to assist the diagnosis of OIS in a stenosis of ICA.
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Summary
What was known before K Elevated total homocysteine (tHcy) in blood have been considered a risk factor for future development of stroke in preexisting diseases of carotid artery. C-reactive protein (CRP) is another biological predictor of atherosclerotic disease.
What this study adds K Homocysteine and CRP are associated with the development of OIS. The measurements of plasma tHcy and CRP in blood may help to assist the diagnosis of OIS in a stenosis of ICA.
